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(57) ABSTRACT

A color calibration method and an image processing device
using the same are provided. The method includes: obtaining
afirst image of a calibration card having color blocks, each of
which corresponds to a standard value; obtaining first sensing
values according to the first image, wherein each of the first
sensing values corresponds to one of the standard values;
generating a calibration table according to the first sensing
values and the standard values; determining if a recursive
condition is satisfied. The method also includes: obtaining a
second image of the calibration card if the recursive condition
is not satisfied; obtaining second sensing values according to
the second image; adjusting the second sensing values
according to the calibration table to generate third sensing
values; updating the calibration table according to the third
sensing values and the standard values until the recursive
condition is satisfied. Accordingly, the calibration table is
generated automatically.
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COLOR CALIBRATION METHOD AND
IMAGE PROCESSING DEVICE USING THE
SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation-in-part of and
claims the priority benefit of U.S. application Ser. No. 13/207,
437, filed on Aug. 11,2011, now pending, and also claims the
priority benefit of Taiwan application serial no. 101129559,
filed on Aug. 15, 2012. The prior U.S. application Ser. No.
13/207,437 claims the priority benefit of Taiwan application
serial no. 100121052, filed on Jun. 16, 2011. The entirety of
each of the above-mentioned patent applications is hereby
incorporated by reference herein and made a part of this
specification.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The invention relates to a color calibration method
and an image processing device using the same.

BACKGROUND OF THE INVENTION

[0003] Generally, when a scanner captures an image of an
object, the actual luminance of the object may not be the same
as the luminance of the object in the captured image. There
may be nonlinear distortion between the actual luminance of
the object and the luminance of the object in the captured
image, and the distortion may be expressed by formula (1)
below.

YoX¥ (6]

[0004] Here, X denotes the actual luminance of the object,
Y denotes the luminance of the object in the image, and y is a
parameter. Due to the nonlinear distortion that occurs at the
time of capturing the image, the scanner may perform gamma
correction on luminance or chrominance of an image after
capturing the image, so as to remove the nonlinear distortion.
The gamma correction refers to nonlinear compensation of an
error in the image, such that the luminance of the object may
have a linear relationship with the luminance of the corrected
image. Gamma correction may be expressed by formula (2)
below.

Yroe YUY )

[0005] Here, Y' denotes the luminance after gamma correc-
tion, and vy is a parameter that is applied during gamma cor-
rection. After a calculation is made according to the formula
(2), Y' may have a linear relationship with X.

[0006] To accomplish the gamma correction, an analog
method or a digital method is often applied. In the analog
method, a nonlinear electronic circuit is employed to generate
a result that is similar to the calculation result of the formula
2.

[0007] In the digital method, an exponential calculation is
directly made according to the formula (2). However, the
exponential calculation may not be instantaneously per-
formed on certain devices, and therefore pre-calculated input
and output results may be stored in a lookup table. When the
gamma correction is to be performed, the adjusted luminance
may be obtained by looking up the lookup table.
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[0008] Itisrather efficient to merely apply one vy to different
scanners, whereas the numerical value of one y may not be
applicable to all of the scanners. If y corresponding to each
scanner is manually generated, a significant amount of time
will be required. Therefore, how to automatically generate vy
draws attention of researchers in the pertinent field.

SUMMARY OF THE INVENTION

[0009] An embodiment of the invention is directed to a
color calibration method and an image processing device for
automatically generating a calibration table.

[0010] In an embodiment of the invention, a color calibra-
tion method for an image processing device is provided. The
color calibration method includes: obtaining a first image of a
calibration card, wherein the calibration card has a plurality
of color blocks, and each of the color blocks corresponds to a
standard value; obtaining a plurality of first sensing values
according to the first image, wherein each of the first sensing
values corresponds to one of the standard values; generating
a calibration table according to the first sensing values and the
standard values; determining if a recursive condition is satis-
fied. The color calibration method also includes: obtaining a
second image of the calibration card if the recursive condition
is not satisfied, obtaining a plurality of second sensing values
according to the second image, adjusting the second sensing
values according to the calibration table to generate a plural-
ity of third sensing values, and updating the calibration table
according to the third sensing values and the standard values
until the recursive condition is satisfied.

[0011] From another perspective, in an embodiment of the
invention, an image processing device that includes an image
capturing unit and a processor is provided. The image cap-
turing unit is configured for obtaining a first image of a
calibration card. The calibration card includes a plurality of
color blocks, and each of the color blocks corresponds to a
standard value. The processor is coupled to the image captur-
ing unit for obtaining a plurality of first sensing values
according to the first image, and each of the first sensing
values corresponds to one of the standard values. Here,
wherein the processor is configured to generate a calibration
table according to the first sensing values and the standard
values and determine if a recursive condition is satisfied. If
the recursive condition is not satisfied, the processor is also
configured to obtain a second image of the calibration card,
obtain a plurality of second sensing values according to the
second image, adjust the second sensing values according to
the calibration table to generate a plurality of third sensing
values, and update the calibration table according to the third
sensing values and the standard values until the recursive
condition is satisfied.

[0012] In light of the foregoing, the color calibration
method and the image processing device described in the
embodiments of the invention are provided for automatically
generating a calibration table and updating the calibration
table in a recursive manner.

[0013] Several exemplary embodiments accompanied with
figures are described in detail below to further explain the
invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The accompanying drawings are included to pro-
vide further understanding, and are incorporated in and con-
stitute a part of this specification. The drawings illustrate
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exemplary embodiments and, together with the description,
serve to explain the principles of the disclosure.

[0015] FIG.1 is a block diagram illustrating an image pro-
cessing apparatus according to an embodiment of the inven-
tion.

[0016] FIG. 2 is a schematic diagram illustrating a color
calibration system according to an embodiment of the inven-
tion.

[0017] FIG. 3A and FIG. 3B are schematic diagrams illus-
trating a calibration card according to an embodiment of the
invention.

[0018] FIG. 4 and FIG. 5 are schematic diagrams of estab-
lishing a calibration table according to an embodiment of the
invention.

[0019] FIG. 6to FIG. 9 are schematic diagrams of updating
a calibration table according to an embodiment of the inven-
tion.

[0020] FIG.10is a flowchart illustrating a color calibration
method according to an embodiment of the invention.
[0021] FIG.11is a flowchart illustrating a color calibration
method according to a second embodiment of the invention.

DETAILED DESCRIPTION OF DISCLOSED
EXEMPLARY EMBODIMENTS

First Embodiment

[0022] FIG.1 is a block diagram illustrating an image pro-
cessing apparatus according to an embodiment of the inven-
tion.

[0023] With reference to FIG. 1, the image processing
device 100 includes an image capturing unit 110, a processor
120, and a memory 130. For instance, the image processing
device 100 may be implemented in form of a scanner, a digital
camera, a digital camcorder, a computer, or a server.

[0024] The image capturing unit 110 serves to obtain one or
a plurality of images. For instance, the image capturing unit
110 includes a lens and a plurality of photosensitive devices.
Charges on one photosensitive device form one color value,
and one or more color values may constitute one pixel. How-
ever, in another embodiment of the invention, the image cap-
turing unit 110 may be implemented in form of a communi-
cation interface for obtaining images from other devices,
which should not be construed as a limitation to the invention.
[0025] The processor 120 serves to execute one or more
program codes to correct color values in one image. For
instance, the processor 120 may be a central processing unit
(CPU) or an embedded microcontroller.

[0026] The memory 130 serves to store a program code or
an image. In the present embodiment, the memory 130 stores
a color calibration system 132. The color calibration system
132 includes a plurality of modules, each of which achieves a
specific function. The processor 120 executes each of the
modules in the color calibration system 132.

[0027] FIG. 2 is a schematic diagram illustrating a color
calibration system according to an embodiment of the inven-
tion.

[0028] With reference to FIG. 2, the color calibration sys-
tem 132 includes a capturing module 210, a calibration mod-
ule 220, and a recursive module 230.

[0029] The processor 120 executes the capturing module
210, so as to control the image capturing unit 110 and obtain
one or more images. Besides, the processor 120 executes the
calibration module 220 to generate a calibration table accord-
ing to the image obtained by the processor 120. The processor
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120 further executes the recursive module to determine if a
recursive condition is satisfied. If the recursive condition is
not satisfied, the processor 120 continues to obtain another
image through the capturing module 210 and updates the
calibration table according to the image through the calibra-
tion module 220. Here, the operations of the capturing mod-
ule 210, the calibration module 220, and the recursive module
230 are performed by the processor 120 and will not be
further described hereinafter.

[0030] FIG. 3A and FIG. 3B are schematic diagrams illus-
trating a calibration card according to an embodiment of the
invention.

[0031] With reference to FIG. 3A and FIG. 3B, the calibra-
tion card 300 includes a plurality of color blocks 310(1) to
310(A). The color in one of the color blocks 310(1) to 310(A)
remains unchanged, and each of the color blocks 310(1) to
310(A) corresponds to a standard value. For instance, the
color block 310(1) corresponds to the standard value “0”, the
color block 310(2) corresponds to the standard value “117,
and so on. The calibration card 300 serves to provide the
standard color blocks 310(1) to 310(A), such that the image
processing device 100 may generate the calibration table
according to the color blocks 310(1) to 310(A) and the cor-
responding standard values.

[0032] Inthe present embodiment, each standard value rep-
resents a numerical value of luminance. However, in another
embodiment, each standard value may represent a numerical
value of chrominance (e.g., red, green, or blue). Alternatively,
each block may correspond to another standard value, which
should not be construed as a limitation to the invention.
[0033] To generatethe calibration table, the capturing mod-
ule 210 obtains an image from the calibration card 300 and
obtains a plurality of sensing values (also referred to as “first
sensing values”) according to the image. For instance, the
capturing module 210 obtains color values of pixels in a
region of the image corresponding to the color block 310(1).
The capturing module 210 calculates an average of the color
values and considers the average color value as the sensing
value “2” of the corresponding color block 310(1). Similarly,
the capturing module 210 obtains color values of pixels in a
region of the image corresponding to the color block 310(2),
calculates the average of the color values, and considers the
average color value as the sensing value “4” of the corre-
sponding color block 310(2). The rest may be analogically
deduced from the above.

[0034] Nonetheless, due to some hardware errors or noises,
the sensing value and the standard value corresponding to the
same color block may not be the same. For instance, both the
sensing value “2” and the standard value “0” correspond to
the same color block 310(1), while there is a difference of 2
between the two values; both the sensing value “4” and the
standard value “11” correspond to the same color block 310
(2), while there is a difference of 7 between the two values.
The calibration module 220 may generate the calibration
table according to the sensing values and the standard values
shown in FIG. 3B.

[0035] FIG. 4 and FIG. 5 are schematic diagrams of estab-
lishing a calibration table according to an embodiment of the
invention.

[0036] With reference to FIG. 4, the calibration table 400
includes a plurality of output values 410(0) to 410(255), and
each of the output values 410(0) to 410(255) respectively
corresponds to one of the indexes 420(0) to 420(255). When
a numerical value is input, the calibration module 220 con-
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siders the numeral value as an index of the calibration table
400 and outputs a corresponding output value. Forinstance, if
the input numerical value is “2”, the input numerical value is
considered as the index 420(2), and the corresponding output
value 410(2) is then output.

[0037] When the calibration table 400 is established, the
calibration module 220 sets part of the indexes 420(0) to
420(255) as the sensing values shown in FIG. 3B and sets
some of the output values 410(0) to 410(255) corresponding
to the sensing values as the standard values. For instance, the
standard value “0” corresponds to the sensing value “2”;
therefore, the calibration module 220 sets the index 420(2) as
the sensing value “2” and sets the output value 410(2) as the
standard value “0”. The standard value “11” corresponds to
the sensing value “4”; therefore, the calibration module 220
sets the index 420(4) as the sensing value “4” and sets the
output value 410(4) corresponding to the sensing value “4” as
the standard value “11”. The standard value “22” corresponds
to the sensing value “57; therefore, the calibration module
220 sets the index 420(5) as the sensing value “5” and sets the
output value 410(5) as the standard value “22”. In the present
embodiment, there are 24 standard values, and therefore there
are only 24 output values (e.g., the output values 410(2),
410(4), 410(5), and 410(204)) are set as the corresponding
standard values. The calibration module 220 also generates
the output values that do not correspond to the sensing values.
Specifically, the calibration module 220 obtains the minimum
sensing value (i.e., the sensing value “2”") and the maximum
sensing value (i.e., the sensing value “204”) from the sensing
values. Besides, the calibration module 220 sets the output
values 410(0) and 410(1) corresponding to the indexes 420(0)
and 420(1) less than the minimum sensing value as a first
preset value. The calibration module 220 also sets the output
values 410(205) to 410(255) corresponding to the indexes
420(205) to 420(255) greater than the maximum sensing
value as a second preset value. Moreover, the calibration
module 220 generates the rest of output values (e.g., the
output value 410(3)) through an interpolation algorithm.
[0038] Withreference to FIG. 5, the calibration module 220
sets the first preset value as 0 and the second preset value as
255. That is, the output values 410(0) and 410(1) are setd as
“07, and the output values 410(205) to 410(255) are setd as
“255”. According the output values 410(2) and 410(4), the
calibration module 220 generates the output value 410(3)
through an interpolation algorithm. For instance, the calibra-
tion module 220 calculates an average of the output values
410(2) and 410(4) to generate the output value 410(3).
[0039] However, in another embodiment of the invention,
the calibration module 220 may perform the interpolation
algorithm through a low-pass filter. Alternatively, the calibra-
tion module 220 may generate an exponential function or a
polynomial function according to the output values 410(2),
410(4), 410(5), 410(204), and so on. According to the gener-
ated function, the calibration module 220 may calculate the
output value 410(3), which should not be construed as a
limitation to the invention. In addition, when a color value of
a pixel is represented by more number of bits (i.e., greater
than 8 bits), the calibration table 400 may include more
indexes and more output values, and the first preset value and
the second preset value may be configured as different
numerical values, which should not be construed as a limita-
tion to the invention.

[0040] After the calibration table 400 is generated, the
recursive module 230 determines if a recursive condition is
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satisfied. If the recursive condition is satisfied, the calibration
module 220 outputs the calibration table 400. Thereafter,
when the capturing module 210 obtains an image, the cali-
bration module 220 may adjust the color values of pixels in
the image according to the calibration table 400. However, if
the recursive condition is not satisfied, the calibration module
220 continues to update the calibration table 400 until the
recursive condition is satisfied.

[0041] In process of updating the calibration table 400, the
capturing module 210 obtains another image (i.e., the second
image) from the calibration card 300 and obtains a plurality of
sensing values (also referred to as “second sensing values™)
according to the image. The calibration module 220 adjusts
the second sensing values according to the current calibration
table 400, so as to generate a plurality of sensing values (also
referred to as “third sensing values™). Based on the standard
values and the third sensing values, the calibration module
220 updates the calibration table 400 until the recursive mod-
ule 230 determines that the recursive condition is satisfied.

[0042] FIG. 6 to FIG. 9 are schematic diagrams of updating
a calibration table according to an embodiment of the inven-
tion.

[0043] With reference to FIG. 6, the second sensing values
which are obtained by the capturing module 210 and corre-
spond to the color blocks 310(1) to 310(3) and 310(A) are “0”,
“37 57, ..., and “204”. The calibration module 220 adjusts
the second sensing values according to the calibration table
400, so as to generate the third sensing values “07, “6”, <227,

., and “255”. For instance, the calibration module 220
considers “3” as the index of the calibration table 400 to
generate the output value “6”, and the calibration module 220
considers “5” as the index of the calibration table 400 to
generate the output value “22”. Note that the capturing mod-
ule 210 may not be able to obtain the same sensing values
corresponding to the same color block at different times. For
instance, the capturing module 210 obtains the sensing value
“4” (as shown in FIG. 3B) corresponding to the color block
310(2) at the first time but obtains the sensing value “3”
corresponding to the same color block 310(2) at the second
time.

[0044] The calibration module 220 may establish a tempo-
rary calibration table according to the aforesaid process of
establishing the calibration table 400. In particular, the cali-
bration module 220 sets some of the indexes in the temporary
calibration table as the third sensing values, sets the output
values corresponding to the third sensing values as the stan-
dard values, and generates the output values not correspond-
ing to the third sensing values.

[0045] With reference to FIG. 7, the temporary calibration
table 700 includes a plurality of output values 710(0) to
710(255), and each of the output values 710(0) to 710(255)
respectively corresponds to one of the indexes 720(0) to 720
(255). The calibration module 220 sets the indexes 720(0),
720(6), and 720(22) as the third sensing values “0”, “6”, <227,
and “255”. The output values 710(0), 710(6), 710(22), and
710(255) are correspondingly set as the standard values “0”,
“117, <227, and “255”.

[0046] Withreference to FIG. 8, the calibration module 220
calculates the output values 710(1) to 710(5) and 710(11) not
corresponding to the third sensing values according to an
interpolation algorithm. For instance, the calibration module
220 generates the output value 710(11) (i.e. numerical value
“14”) through the linear interpolation.
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[0047] The calibration module 220 combines the tempo-
rary calibration table 700 with the calibration table 400, so as
to update the calibration table 400. In particular, if the cali-
bration table 400 includes a second index, and the second
index corresponds to a second output value in the calibration
table 400, the calibration module 220 takes the second output
value as the index of the temporary calibration table 700, so as
to obtain a fourth output value in the temporary calibration
table 700. The calibration module 220 then replaces the sec-
ond output value with the fourth output value. For instance, as
shown in FIG. 4 and FIG. 8, the index 420(4) corresponds to
the output value 410(4) (i.e. numerical value “117). The cali-
bration module 220 takes “11” as the index 720(11) of the
temporary calibration table 700 and obtains the output value
710(11) (i.e. numerical value “14”). The calibration module
220 then sets the output value 410(4) as the output value
710(11), as shown in FIG. 9.

[0048] From another perspective, the calibration table 400
and the temporary calibration table 700 may be represented
by the following formulas (3) and (4).

Mn:{mn,omn,l ----- gn,zss} (3)
Gn:{gn,OJgn,l ----- gn,zss} 4)
[0049] Here, M,, represents the calibration table 400 when

the calibration table 400 is updated for the n time, and nis a
positive integer. m,, , represents the 0% output value 410(0) in
the calibration table 400 when the calibration table 400 is
updated for the n” time, and the rest may be analogically
deduced from the above. G,, represents the temporary calibra-
tion table 700 generated when the calibration table 400 is
updated for the n” time, g,.0 represents the 0" output value
710(0) when the calibration table 400 is updated for the n”
time, and the rest may be analogically deduced from the
above. The step of combining the calibration table 400 with
the temporary calibration table 700 may be represented by the
following formulas (5) to (7).

Mn+1:{mn+1,0:mn+1,1 ----- mn+1,255} (5)
M1 = 8ns 6
1=m,; M

[0050] That is, the j* output value m,, 1o the calibration
table 400 when the calibration table 400 is updated for the n
time may be taken as the index t. The calibration module 220
may, according to the index t, find the output value g, , of the
temporary calibration table 700. The output value g, . may be
considered as the j* output value m,,,, . in the calibration
table 400 when the calibration table 400 is updated for the
(n+1)” time.

[0051] The step of updating the calibration table 400 is
repeated until the recursive module 230 determines that the
recursive condition is satisfied. In an embodiment of the
invention, the recursive module 230 determines if a recursive
number matches a recursive threshold value; if yes, the recur-
sive module 230 determines that the recursive condition is
satisfied. The recursive number is updated as long as the
calibration table 400 is updated. For instance, the default
recursive number is 0, the recursive number is increased by 1
as long as the calibration table 400 is updated, and the recur-
sive threshold value is 3. When the recursive number is
greater than or equal to 3, the recursive module 230 deter-
mines that the recursive number matches the recursive thresh-
old value. That is, as long as the calibration table 300 is
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updated three times, the recursive condition is deemed satis-
fied. However, in another embodiment, the default recursive
number is 3, the recursive number is decreased by 1 as long as
the calibration table 400 is updated, and the recursive thresh-
old value is 0. As long as the recursive number is smaller than
or equal to 0, the recursive module 230 determines that the
recursive number matches the recursive threshold value. Note
that the recursive threshold value may be set as 5, 10, and so
on, which should not be construed as a limitation to the
invention.

[0052] According to an embodiment of the invention, after
the calibration table 400 is generated or updated, the recursive
module 230 calculates a difference between the sensing val-
ues and the standard values. If the difference is less than a
difference threshold, the recursive module 230 determines
that the recursive condition is satisfied. For instance, the
recursive module 230 calculates the difference according to
the following formula (8):

& (8)
Ru= " lin;=s;"
=

[0053] Here, R, represents the difference when the calibra-
tion table 400 is updated for the n” time, j and k are integers,
k represents the number of color blocks in the calibration card
300, i, ; represents the sensing value corresponding to the i
color block when the calibration table 400 is updated for the
n”time, and S ; represents the standard value corresponding to
the j* color block. It should be mentioned that i, , 18 not
adjusted according to the calibration table in process of cal-
culating R, (i.e,, i, ; is the first sensing value). In process of
calculating R, i, is adjusted according to the calibration
table M, (i.e., i, is the third sensing value rather than the
second sensing value). After the calibration table M,, is gen-
erated, the recursive module 230 performs the calculation and
determines if the difference R , is less than a difference thresh-
old. If the difference R,, is less than the difference threshold,
the recursive module 230 determines that the recursive con-
dition is satisfied and outputs the calibration table M,,.

[0054] The sum of squared error is calculated by applying
the formula (8). However, in other embodiments of the inven-
tion, the difference may also be calculated by the recursive
module 230 through calculating a mean squared error or a
sum of absolute error, which should not be construed as a
limitation to the invention.

[0055] In the present embodiment, the recursive module
230 determines that the recursive condition is satisfied when
the difference is less than the difference threshold or when the
recursive number matches the recursive threshold value.
However, in other embodiments, the recursive module 230
may determine that the recursive condition is satisfied when
the difference is less than the difference threshold and when
the recursive number matches the recursive threshold value.

[0056] FIG. 10 is a flowchart illustrating a color calibration
method according to an embodiment of the invention.

[0057] Withreferenceto FIG. 10, in step S1002, a capturing
module 210 obtains a first image of a calibration card. The
calibration card includes a plurality of color blocks, and each
of the color blocks corresponds to a standard value.
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[0058] In step S1004, the capturing module 210 obtains a
plurality of first sensing values according to the first image,
and each of the first sensing values corresponds to one of the
standard values.

[0059] Instep S1006, the calibration module 220 generates
a calibration table according to the first sensing values and the
standard values.

[0060] Instep S1008, the recursive module 230 determines
if a recursive condition is satisfied. If yes, said process is
completed.

[0061] If the recursive condition is not satisfied, in step
S1010, the capturing module 210 obtains a second image of
the calibration card and obtains a plurality of second sensing
values according to the second image. In step S1012, the
calibration module 220 adjusts the second sensing values
according to the calibration table, so as to generate a plurality
of'third sensing values. In step S1014, the calibration module
220 updates the calibration table according to the third sens-
ing values and the standard values.

[0062] Each step shown in FIG. 10 is already elaborated
above and thus will not be further explained hereinafter.

Second Embodiment

[0063] The second embodiment is similar to the first
embodiment, and thus only the difference between these two
exemplary embodiments is described herein. According to
the first embodiment, when the capturing module 210 obtains
the sensing values at the first time, the calibration module 220
does not adjust the sensing values according to the calibration
table. By contrast, according to the second embodiment, as
long as the capturing module 210 obtains the sensing values,
the calibration module 220 adjusts the sensing values accord-
ing to the calibration table.

[0064] FIG.11is a flowchartillustrating a color calibration
method according to a second embodiment of the invention.
[0065] With reference to FIG. 11, in step S1102, the cali-
bration module 220 and the recursive module 230 execute an
initialization program. The calibration module 220 sets a
default calibration table, and each output value in the default
calibration table is equal to the corresponding index. That is,
in the second embodiment, m, ; shown in the formula (3) is
equal to i. The recursive module 230 also sets a recursive
threshold value and a difference threshold.

[0066] In step S1104, the capturing module 210 obtains an
image from the calibration card 300 and obtains a plurality of
sensing values according to the image.

[0067] In step S1106, the calibration module 220 adjusts
the sensing values according to the calibration table. Since the
output value in the calibration table is equal to the corre-
sponding index when the step S1106 is performed for the first
time, the adjusted sensing value is the same as the sensing
value prior to adjustment.

[0068] In step S1108, the recursive module 230 calculates
the difference according to the standard values and the
adjusted sensing values. Namely, in the second embodiment,
each sensing value i, ; in the formula (8) is adjusted by the
calibration module 220 according to the calibration table.
[0069] Instep S1110, the recursive module 230 determines
if a recursive condition is satisfied. In the second embodi-
ment, the recursive module 230 determines that the recursive
condition is satisfied when the difference is less than the
difference threshold or when the recursive number matches
the recursive threshold value. If the recursive condition is
satisfied, the process shown in FIG. 11 is completed.
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[0070] However, if the recursive condition is not satisfied,
in step S1112, the calibration module 220 generates a tem-
porary calibration table according to the standard values and
the adjusted sensing values. When the step S1112 is per-
formed for the first time, since the adjusted sensing value is
equal to the sensing value prior to adjustment, the generated
temporary calibration table is equal to the calibration table
first generated in the first embodiment (as shown in FIG. 5).
[0071] Instep S1114, the calibration module 220 combines
the temporary calibration table with the calibration table and
returns to the step S1104. Note that the combined calibration
table is the same as the temporary calibration table when the
step S1114 is performed for the first time. In particular, the
formulas (6) and (7) may be re-written as formulas (9) and
(10) below.

=my;= ©
My ;81,81 (10)
[0072] To sum up, according to the color calibration

method and the image processing device described herein, the
calibration table may be generated in a recursive manner.
Hence, the difference between the sensing values and the
standard values may be gradually lessened and converged.
[0073] It will be apparent to those skilled in the art that
various modifications and variations can be made to the struc-
ture of the disclosed embodiments without departing from the
scope or spirit of the invention. In view of the foregoing, it is
intended that the invention covers modifications and varia-
tions of this invention provided they fall within the scope of
the following claims and their equivalents.
What is claimed is:
1. A color calibration method for an image processing
device, the color calibration method comprising:
obtaining a first image of a calibration card, wherein the
calibration card has a plurality of color blocks, and each
of the color blocks corresponds to a standard value;

obtaining a plurality of first sensing values according to the
first image, wherein each of the first sensing values
corresponds to one of the standard values;

generating a calibration table according to the first sensing

values and the standard values;

determining if a recursive condition is satisfied; and

obtaining a second image of the calibration card if the

recursive condition is not satisfied, obtaining a plurality
of second sensing values according to the second image,
adjusting the second sensing values according to the
calibration table to generate a plurality of third sensing
values, and updating the calibration table according to
the third sensing values and the standard values until the
recursive condition is satisfied.

2. The color calibration method as recited in claim 1,
wherein the calibration table comprises a plurality of first
output values, each of the first output values corresponds to a
first index, and the step of generating the calibration table
according to the first sensing values and the standard values
comprises:

setting part of the first indexes as the first sensing values;

setting the first output values corresponding to the first

sensing values as the standard values; and

generating the first output values not corresponding to the

first sensing values.

3. The color calibration method as recited in claim 1,
wherein the step of determining if the recursive condition is
satisfied comprises:
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determining if a recursive number matches a recursive

threshold value; and
determining the recursive condition is satisfied if the recur-
sive number matches the recursive threshold value,

wherein the step of generating the calibration table accord-
ing to the first sensing values and the standard values
further comprises:

updating the recursive number.

4. The color calibration method as recited in claim 1,
wherein the step of determining if the recursive condition is
satisfied comprises:

calculating a difference according to the first sensing val-

ues and the standard values, or calculating the difference
according to the third sensing values and the standard
values;

determining if the difference is less than a difference

threshold; and

determining the recursive condition is satisfied if the dif-

ference is less than the difference threshold.

5. The color calibration method as recited in claim 2,
wherein the first sensing values comprise a minimum sensing
value and a maximum sensing value, and the step of generat-
ing the first output values not corresponding to the first sens-
ing values comprises:

setting the first output values corresponding to the first

indexes less than the minimum sensing value as a first
preset value;

setting the first output values corresponding to the first

indexes greater than the maximum sensing value as a
second preset value; and

generating rest of the first output values through an inter-

polation algorithm.

6. The color calibration method as recited in claim 2,
wherein the first indexes comprise a second index corre-
sponding to a second output value of the first output values,
and the step of updating the calibration table according to the
third sensing values and the standard values comprises:

establishing a temporary calibration table, wherein the

temporary calibration table comprises a plurality ofthird
output values, and each of the third output values corre-
sponds to a third index;

setting part of the third indexes as the third sensing values;

setting the third output values corresponding to the third

sensing values as the standard values; and

generating the third output values not corresponding to the

third sensing values;

taking the second output value as one of the third indexes to

obtain a fourth output value from the third output values;
and
setting the second output value as the fourth output value.
7. The color calibration method as recited in claim 4,
wherein the step of calculating the difference according to the
first sensing values and the standard values comprises:
calculating a sum of squared error between the first sensing
values and the standard values to obtain the difference,

wherein the step of calculating the difference according to
the third sensing values and the standard values com-
prises:

calculating a sum of squared error between the third sens-

ing values and the standard values to obtain the differ-
ence.

8. An image processing device comprising:

an image capturing unit, configured to obtain a first image

of a calibration card,
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wherein the calibration card comprises a plurality of color
blocks, and each of the color blocks corresponds to a
standard value; and

a processor, coupled to the image capturing unit, config-
ured to obtain a plurality of first sensing values accord-
ing to the first image, wherein each of the first sensing
values corresponding to one of the standard values,

wherein the processor is configured to generate a calibra-
tion table according to the first sensing values and the
standard values and determine if a recursive condition is
satisfied,

wherein the processor is configured to obtain a second
image of'the calibration card if the recursive condition is
not satisfied, obtain a plurality of second sensing values
according to the second image, adjust the second sensing
values according to the calibration table to generate a
plurality of third sensing values, and update the calibra-
tion table according to the third sensing values and the
standard values until the recursive condition is satisfied.

9. The image processing device as recited in claim 8,
wherein the calibration table comprises a plurality of first
output values, and each of the first output values corresponds
to a first index,

wherein the processor is configured to set part of the first
indexes as the first sensing values, set the first output
values corresponding to the first sensing values as the
standard values, and generate the first output values not
corresponding to the first sensing values.

10. The image processing device as recited in claim 8,
wherein the processor is further configured to determine if a
recursive number matches a recursive threshold value,

determine the recursive condition is satisfied if the recur-
sive number matches the recursive threshold value,

and update the recursive number when the processor
updates the calibration table according to the third sens-
ing values and the standard values.

11. The image processing device as recited in claim 8,
wherein the processor is further configured to calculate a
difference according to the first sensing values and the stan-
dard values, or calculate the difference according to the third
sensing values and the standard values,

wherein the processor is further configured to determine if
the difference is less than a difference threshold, and

if the difference is less than the difference threshold, the
processor is further configured to determine that the
recursive condition is satisfied.

12. The image processing device as recited in claim 9,
wherein the first sensing values comprise a minimum sensing
value and a maximum sensing value, and the processor is
further configured to set the first output values corresponding
to the first indexes less than the minimum sensing value as a
first preset value, set first output values corresponding to the
first indexes greater than the maximum sensing value as a
second preset value, and generate rest of the first output
values through an interpolation algorithm.

13. The image processing device as recited in claim 9,
wherein the first indexes comprise a second index corre-
sponding to a second output value of the first output values,
the processor is further configured to establish a temporary
calibration table, the temporary calibration table comprises a
plurality of third output values, and each of the third output
values corresponds to a third index,
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wherein the processor is configured to set part of the third
indexes as the third sensing values, set the third output
values corresponding to the third sensing values as the
standard values, generate the third output values not
corresponding to the third sensing values, take the sec-
ond output value as one of the third indexes to obtain a
fourth output value from the third output values, and set
the second output value as the fourth output value.
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14. The image processing device as recited in claim 11,
wherein the processor is further configured to calculate a sum
of squared error between the first sensing values and the
standard values to obtain the difference, or calculate a sum of
squared error between the third sensing values and the stan-
dard values to obtain the difference.



